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Technical_ﬁeport‘ﬁo.\3
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a.. Current Status of Work

The following areas have been worked on uur;hg the perluc
4 . ’
starting February 286, 1965 }
1. Tarpet fabrication. Aa a flrst go around a target'

ccnflrpuratacn as shown in flg. } was adopted. The

ratio between the successive targetﬂ xs ?h,';ﬁL The
ldrpest target is 1 line/mm. Thc raﬂge fr&m 1 -~ 1000
lines/mm then falls naturallv ;nto thxee serles"

l - .10 lznes/mm, }0 - 100 llnes/me and IDG - IGOO

lines/mm. iach serles 15 brcken,down 1nto the folingng
_ : i , ‘ _ ‘

steps. ’ » o ,
LStep B l; ljma faetof {
1 f"Alvx.aoe'
z 14254
3 - ??'1¢5§£ -
. i.;ry 'sgﬁ . :
s ,513Af”%""w' .
6 3,183
T a8
8 1 ;:_ f:;,glé ‘
9 | ’”é,iié'
oo 7,948
1L . 16,000
movpx |
JEronun

v : "ir‘n:g 'ﬁ'{f’}"‘{}"’?ﬁm
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” "AS &.thzvézstep, just ﬁp.$gjianviéea*
"' f4invn1vcd. w%{iamk a‘ ‘
-}uwd_ ed it tén times’ wﬁ%h tne satup ysﬁd to: make tﬂe

- A

Thc f"aw %@rlea was ﬁqbri&at&d 1ﬁ the ﬁo&iawing Way.

,FM*!{ one Hf? m draﬁ‘ﬂ c‘m a L&%‘géh ﬂﬁié.,_ Then this
, L“ﬂﬁ Ph°*°iFﬁPheé ?ram th;s ﬁhqtesna;h all. thg steps
jlfnf ﬁheﬁfirai $eri¢s werd grlnted by Var?&ng tha uﬁlarge-

;';:NEnt far eaah srep. Then tth SGPLGs was PEPhOYO@Pdphea
,’and thg first séries 'was obtainsd 1n negatlva form.
r_Thas them was printed as a dxrect contaai nrint.

!‘ ?he sagwad serlas Vae accemglxsheﬁ by takzng the

fwneg&tzve OI the first sarzas and photogrgpbing 1t with

ca }6 te 1 r@éuction.' The optias usedwas a “YVAP“ 25X1A
J’1ens, ' - 1amm, £/1, s. | '

,%::By Dbbtogratgzng th! pbs{tzva cf the first merzas in the

‘r,‘ue ﬁnd&ﬁ %p Wifh a ﬁepatlve pf the second

ar"the dxificult;e@

w’fiVe:;f the sqpond seraas dnd

"”Becohd series. The intarqstfng,ﬁart here was that we
Vcould raselve 500 llnesfmm withouf any tfeuble‘
; The targets fabrlcated th; way are . verv eﬂcouraang.
’ Fbr our puxgose they are flne up to. 590 lanes/mm. ke

feel, houeVer, that thoy should be - improved 80 as to

mdke the phase meaSurements possible.l Thenefore, the

;§oilqwxnp $gaps are xnltigxed. ;‘_ o .

. J .
n .
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a) Experiments_are being made to de{ermine vérious

methods of»developing'the film. These me thods
:«were discussed by Dick, a representaf1ve of the
customer, and'Hareld of our organizatfon.

b) The contaot print necessary to get & series one
pQSltlve is bexng ellmlnated The contact prlut
will be made at the 1arge ‘stage where a lo s of
detall is chh less critical. Furthezmore, parallel
‘illuminatioh will be used in the'printihg'process.

,?) In orﬂar to hold preC1 e reduction factors and
,Aanate the thvee ser1e6 prec;sely on one pleCQ
of fle, a more accurate setup 1s belrg constructed,

d) W1th more precise proce991ng comb;ned with a better
lens, it ‘will be ;ttempted to go up te LODO lines/mi.

Dgrlng thls.per;cd an e§pgr1mentalnsetup was fabricated

toﬂgng us an idea oflﬁﬁgipreciﬁicn thainéble‘in this

method measuring the téansfer fuhction of the lens andb
alsg . to flnd the best valua of the contrast 1n the filters
and the necessary freq&ency range in the filters,

After the equlpment was flnlshed, the ’zr%t nedsurempntq

show that a contrast of 2% in the f*ltgrs is too small.

We therefore aré now‘waiiing for more filtefs withudif~

ferent contrasts, | |

After working with thé_inéfrument our ovérall impression

is /#hat it will be easy to use when all parameters are

adjusted, L ““U? 1
xxwmvwv OM RIS OPA”C
LG 4%‘-3.2?»; ICATION
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N
Mathematical discussion of the aftainable precisior,
Introductlon
Let us first, fer the sake of simplicity, assume tha* theb
Llpht distribution in the tarpet is sinusoidal. We chall

write for the intensity in the object plane:

L = 10 [? —»VT CoOS W X :] ()

in which VT stands for the visibility of the target and w
is proportinal to its line frequency.
In the image plane this leads t¢ an intensity distribution

.I';I’ [I-T'v‘ cos (ew x + @
, 1

O

in which ¥ is ﬁhg modulus of the transfer function oi the
lens under test, and ¢ its phase éhifi.
The dnderlying idea of fhe'methqg-is'to use a ccmpensation
metﬁod in deterﬁihing the values of - and ¢ . There are
two fundementally different wavs of doing thi.. The flirst
méthéd consists of projecting the image (2) cnto a filter
with arperiodic transmission, The principle of this methoo
1s to arrange things such that the emerging light distributicn
is uniform when the propef setiﬁgs are mdde. We shall call
this method the multiplicative method.
The second melhod ~onsigts of adding to the irage given by ()
a second light distribution, such that the recultant sum aps’ -
shows né modulation. ‘This ﬁetﬂod we shall carl the additive
method. - _.cs{csar»l |

ERCTOOCL g nempigTs

o : .
0o WNGUAL L2 T DU o ATION
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4. The Multiplicative Method

An absorpiticn filter that transforms a sinusoidal

intensity distribution exactﬁy inte a uniiorm intencity

distribution must have a periodicg transmzsqlon accordiny

1¢

i} C
T = —
1 -« V cos Lo x

Tie first thing to note is that this function is not

sirusoidal. In fact we have:

: ¢ :
T = Ef=====;* 1+ 2 jf%
1 -V 1\

T can not exceed unity, hence C must not exceed 1 - ¥

Equation (4) in itself is not of 9reat ¢mportdnce because
we cannot expect to prodace filters that are fdzthfullv
represented by it, It is, ﬁowever, indicative of some ot
the problems associated with the multiplicgtivewméthod.
In multiplying two pariédic fﬁﬁéfiona‘thé hérmoﬁics get
"mixed." The simplest casefisvthe generation of a second
narmonic by multiplying‘two'sinusoidal functions. A much
more dangerous effect is the contribution to the firs{
harmonic in the final image by the. second harmenic in the

object,

LCaoUe I
!"Jr"“” Rt TR IC
A e ATIoN
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for the monent we shall leave these matters arcide,

we now consider a target image

" s f1' 1 TV cos (wx + &) , O
o o) T
and feed it through a filter with transmission
T = C {1 +V cos {wx +71) (&)
0 _ "
We assume that the product ?UVTV can be neglected, and
so find for the 1ight‘distribution to be observed:
I" = CI' [ 1- TV coslewx +&) + ¥ coslarx +7)
o T o
= C1' 41 4 (V cos¥- TV ces @) coswx
. ¢ pe ‘1
- (Vsiny-TV fsi:xd(’) Sinw X (f)
° T
A uyniform light distribution will be observed when
Vo=V | | B | (7)

e 1

?’ o ‘ ' (e)

H

~y
The phase‘ad]ustnant ¢an be made by elther Vd”Vl"E @
(moving the - targe*) or varying*yV(mOVLng the Fllter)

The tontrast adjustment must be made by varying the contrast
of the target'vT; it does not seem féésiﬁle to vary the
fi;ter gontréstg |

GaDtiP |
S men perriers e

g

MWL s . .;.';I"?'_* 0 ATTON

Approved For Relea )

:‘_wﬂ'\sﬁ ey ‘vf"g !1
6/17 QlA RQP?SﬁQﬂ-ﬁﬂ 000700050023-5
ﬁ & ﬁ&%-,

LN



Assuming that the limiting visibility the eye can perceive
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is & , bEquation (&) leads to:

2 2
(V cosy« TV cos @) + (V siny - TV csinge) < £
O T o T

cocrdindte diagram.

This Equation can be solved geometrically in a polar

The result is that we car expect the

following measurihg accuracies:

Al T 'y’,[ )

AlE- P

H

€

11

Vv
O

From Equation (10) we can find the accuracy in T :

It follows

AT =

ET

v
o}

that the relative accuracy in “f is constant,

We observe, however, that as VT can not exceec unity, the

lewest value of T° that can be measured is equal t¢ V .

.b.

o}

The Additive Method

We adcd to the image of the target

I' = 1! [ - TV cos(awx + &)
O T .

a second light distribution:

I" -

I’ [} + Veoos(wx +¥)

The adetxon ‘does

problems. The intensity distribution to he observed i

Approved For Reledg
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(o}
1 [l*’Vcos(Wx +7’)]
1 o

1 ' . » .
=1+ 1) [IiVOCQS’V - I TV cosgix

I' 4+ "I" = I' {1 —T;VTcos(ij =’?J +

-~
COS L X

—y

- | I'V_sinw- I' TV 3ir X
1l 0 'e) T (':

sintwmx _ (14)

A uniform light distribution is observed when

Ity = I' oV | (15>
: |

T ’ ,
? | (in)

t
1

{1

o
r'?-'.
InffhislﬁaSa‘keghéve two, cholces to Make the coﬁtrust
adjustmeht. We‘can Vary either the reference beam contract VO,'
‘or the target contrast VT' |
1) We‘sﬁéli first assume that VT 15 §d};gd‘v Makihg the

same as sumptlon about the eye as in the previcus secticn

we hava:
- . v,
Ié VT (1)
with
A(I' TV ) = (1' + I E ,
e T o 1
or . o
AT = I' + I R (14}
N §=27
1! v
1 o

[
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1

Por the phdase error we find:

It o+ I;

stp -y - _°

I v (19
1 0

"
-

. s

V .
9]

The lowest 77 that can be measured is
L

b4
-

o}

4
we See that the accuracles are worse than for The multio ol
&

cation methoc, (Writing o for the lowest value of T

tha't can be mpeacured we have:

kg

= 7 _ (o
T T,

AT

Mis shows thet it is profitable to make the target
beam brighter than the reference beam, and 41 the same

-

time choose VC auite high, The besgt we can do is to

make v o eqgual te unitv. Then

Q
1'
i . 7 ¢
X ) £ |
[}

AN
’ AT U 7
T T,
Por the phage accuracv we find in this case:
A - LT £ Lo
. , ‘ TZL ’

S0 in this optimum case the Cifference betueen the

Guditive and “he multiplicative method is orly a

feltor o+ 7 0 4 rither mircer difference.
L
Oy
e S v T RTESION

A000700050023-5
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2) va far we assumed that the target contrast was
varied and that the reférence beam coﬁtrastiwas
constant. We can, however, also vary the contrast
of the reference beam, ahd leave the tarpet contract

constant. In that case we have again

I' x Vv o ‘
<z = 3 o ‘ (74)

I' » v

o} T

hut now we have:

P
&N

O’
\—.—/
~~
N’

m

" which leads to:

F. el

i
1
-~
-
4
-
—~
.

This time it is possible to run into cases where
very high values of 2 canndt be measured. Ve can
not exceed unity; consequently, the upper limit on ¢

ig given by:

Ii 1 ,
- (oM
Tq - Ir V
o] T

For the phase accuracy we find:

. I' + 1!
.A'(qﬂ"7V> - o 1 é: £.3)
l") EVT
CrlGP
e 3 L ARy

M0 0 e A RGO ATION
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It is indicated to choose V, equal to unitv.
>

Equation (26) shows that I' should be as large ac
0

possible compared to I{. 1f, hcwever, we wish to

measure cut tc T = 1, the Lkest we can do is to
]

make 1' and I! equal,
© 1

Summary:

el * e e . C L
Multiplicative Additive
o : - . 'Var..Xangt. Var. Ref #
Filter contpast T, N, A, TNLAL
Target contrast Variable ‘Varialble 't
Reference beam ccntrast HeA, ‘ 1 . Variable
Reference b&am int. / - :
Tal"f et beam int, ) : K.A. 42:;' ' Z.‘q
Accuracy in ¥ lae £ (ff £z (/-rZ ) £
ccuracy in the _ (
phase (radians) .%. I+ '32,) £ (’ i )
! (7
Lower limit on -7
Z 2 ©
Upper limit on 1 1 ZTQ

*.qfql will usually be chesen equal to one, Littie is Fained b

giving up the high 7 values.

4. Discussion of best Setup for Viewer Test Lquipment
In all our discussions about the actual configﬁratjon
there was dne recurring problem., The avaiiable space
tor the target in viewers is usually limited to space

for a piece of film., Any variable contrast target will
CLUup I

ﬁ”t}w?nM'%'”““A*w‘

L e DT R G "'I\TI@N

, (o
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need more space than this, no matter how far we
miniturize the tarpet under the scheme outlined In
our proposal,

In Section 3, however, we aha}ysed anbther scheme ir
comparison to the preposed one. The additive svyster
has many advantéges in»the case of testing viewefs,

nserted inr the

e

since onlv a piece of film has to be
viewer to méke the measurements,

in Fig, 72 we show a schematic cutline of the additive
scheme, Section A of this fipure showg tie viever under
test, 1In the 1ilm pl&ﬁe we insert a tarpet with vieibhility
This target is imaged in the image plane of the viewer.

The visibilitv of this image is modified by the T of

the viewer. We then look at this irage with a micro-
scope, ESehtiallv, we mix this imapée (with the aid of

a half-silvered mirfor) with the image ¢f an auxiliary
tarpet, There has tc Le proQisions to chanpe magnitica-
tion in a limited raﬁge in this auxiliary path, T@urthe:r-
more, there has to be a provision to adijust the twoe ira:en
nhase-wise, This setup has advantagea cther thar the

fact that onlv a piece «f film has tc be inserted irn

~y

the viewing eguipment., 'The vieibility of the imape
forméd by the vievwer is comnparec to the visibilitv of

vhe auxiliarv tarpet. The optics in both beams viewing
these two imapes are the same except {or thne zoom svsrar,

GROUP 1

. DXCTINNUN CROM AUTIRIATIC
DO TIC AL, S rey e L e T RTION

[RRANE BRI R

P! _,,»_‘§'(§7,%ﬂ(%o7ooosooz3-5
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Therefore the transfer coefficient for both beams is
the same, provided we use matched objectives, (The maxi-
mum Zoom range is only \igfafﬁ.or 1,26,
No precblems are created by the highev‘harmonics being
penerated, The illumination of the tarpet in the auxiliary
beam is being studied further.-
5. The measurement of the phase of the transtler functiorn
can pbe macde by using an identical tartet ;n the image
phane of the microscope, (In our presént setup the
- filter is located in this plane.)
| Experiments with this setup will be conducted in the
near. future. |

b, Problem Areas Encountered

No problem areas were ercountered.

c. . Projected Work for Next Monthlv Period

Wrhen the filters are received, a full investiypation of the
best fiiter will be made corbired with findins the precisi(n

of which the equipment is capable., The measuremert cf jphace

™ will be experimentally persued. Lhe fabrlcat on ¢f the
targets will be continued,
a. ‘Status of ?unds_ﬁkpended
From the period of February 1, 1560 to April 23, 1985 the
25X1A sum Ac;f | was spent or subiect contract. This fipure

includes direct labor, materiala, overhead and O, and A.,

P I 3 £
ATIG L Xed Tea,
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Documentdtlon ef any wverbal cOmmlttments and/or agreerments
with the Technical Representatlves of the Contracting
Officer during the reporting period

There have been verbal discussions during this period
relative tc the fabrication of the filters. As soon as

the camera in our customer's laborateory is in working

order, we are promised a set of experimental filters,

25X1A

Submitted by !

30 April 1960

Enclosure: VPigures 1,2
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